Most patients with type 2 diabetes are sedentary despite the clear benefit of regular physical activity, including better glucose control and improvement in quality of life (1) . Smartphones could potentially improve patient care by continual communication with patients and sensors that quantify patient behavior (2) . Nevertheless, the use of personalized messages that take into account the actual behavior of patients and learn to reinforce it has not yet been reported.
We provided a total of 27 patients with type 2 diabetes who did not perform regular physical activity prior to recruitment with a pedometer installed on their personal smartphones and a personal plan for physical activity. Patients were randomized into a control group (n = 7) and a treatment group (n = 20), and received text messages (via the Short Message Service [SMS] on the smartphone) one to seven times a week to encourage physical activity. In the treatment group, the messages consisted of positive feedback (with and without a social component) and negative feedback. Messages to patients in the treatment group were initially selected through nonchanging expert-generated rules ("initial policy") and later were personalized through an automatic Reinforcement Learning (3) algorithm ("personalized policy"), which learns to optimize messages to improve each participant's compliance with the activity regimen. Patients in the control group received constant weekly reminders to exercise ("control"). Follow-up HbA 1c tests were performed every 3 months. Physicians were blinded to the randomization.
Participants who received messages tailored by the personalized policy increased the amount of activity (e.g., walking) and pace of walking over time (as seen in the positive slopes of the graphs of these variables), while the control group patients did not (Table 1 ). Allocation to the personalized policy, higher initial HbA 1c level, and lower activity targets led to a superior reduction in HbA 1c levels (R 2 = 0.405, P , 0.0001). In a questionnaire, patients in the treatment group reported that the messages helped them to increase (P = 0.01) and to maintain (P = 0.07) physical activity, while control patients reported that messages were ineffective.
The learning algorithm improved gradually in predicting which messages would lead participants to exercise. On average, the best daily message was a positive-feedback message with a social component (average improvement of 8.8% in activity in the day following such a message), and the best consecutive messages were a positive social message after a negative-feedback message (42.7% improvement). The least effective message was a positivefeedback message without social reference (9.9% reduction), and the least effective consecutive messages were a negative-feedback message after a positive social message (261.4%). We also clustered participants by their response to the different types of messages and found that patients can be divided into the following three groups: one that reacted negatively to any message, one that only reacted positively to the positive-with social component message, and a third where patients reacted positively to all messages, especially a positive social message or positive self-message. This demonstrates the importance of individually tailored feedback as delivered by our algorithm.
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